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IN VIVO EFFECT OF BONE-SPECIFIC EPHB4 OVEREXPRESSION IN MICE
ON SUBCHONDRAL BONE AND CARTILAGE DURING OSTEOARTHRITIS
G. Valverde-Franco1, M. Kapoor1, D. Hum1, K. Matsuo2, B. Lussier3,
J-P. Pelletier1, J. Martel-Pelletier1. 1Osteoarthritis Res. Unit, Univ. of
Montreal Hosp. Res. Ctr. (CRCHUM), Notre-Dame Hosp., Montreal, QC,
Canada; 2Lab. of Cell and Tissue Biology, Sch. of Med., Keio Univ., Tokyo,
Japan; 3Dept. of Clinical Sci., Faculty of Vet. Med., Univ. of Montreal,
Saint-Hyacinthe, QC, Canada
Purpose: In humans, evidence suggests the subchondral bone to be an
active component of the osteoarthritis (OA) process. Some members of
the ephrin system, including the receptor EphB4 and its speciﬁc ligand,
ephrin-B2, were found to be involved in bone biology. Recently, our group
showed that in vitro ephrin-B2 activation of the EphB4 receptor inhibits
the resorptive activity of human OA subchondral bone osteoblasts. We
further investigated, in mice, the in vivo effect of bone-speciﬁc EphB4
overexpression on OA development.
Methods: Morphological evaluation of the mouse skeleton was
performed at postnatal day 5 (P5) with alizarin red/alcian blue staining
and, in adults, radiographically. On the OA induced knee, histology (OARSI
grading), cartilage collagen meshwork disorganization grading (sirius
red staining), and micro-computed tomography scans (microCT) were
performed on the medial compartment.
Results: Homozygous conditional type I collagen EphB4 overexpressing
mice and wild type (WT) were used. Morphometric analysis and
skeletal staining at P5 showed no obvious phenotypic difference in
bone development between EphB4 and WT mice. Although 10-week-
old WT and EphB4 mice had similar body size and bone length, EphB4
mice demonstrated increased bone density. OA was induced, using the
partial medial meniscectomy (DMM) model, in the 10-week-old mice.
Eight and 12 weeks after surgery, histology revealed that EphB4 mice
had signiﬁcantly less articular alterations than the WT in both medial
condyle and tibia at 8 (4.9±0.1 vs. 3.1±0.4, p < 0.008; 3.4±0.3 vs. 2.1±0.3,
p < 0.0009, respectively) and 12 weeks (3.4±0.3 vs. 2.4±0.30, p < 0.04;
4.5±0.3 vs. 3.3±0.4, p < 0.04) post-surgery. Evaluation of collagen ﬁbril
revealed signiﬁcantly higher levels of disorganization in the WT mice
compared with the EphB4 mice in the tibia at 8 (2.4±0.4 vs. 1.1±0.2,
p < 0.0007) and 12 weeks (2.3±0.2 vs. 1.1±0.1, p < 0.0003) post-surgery.
In addition, microCT of the medial tibia performed 12 weeks after
surgery demonstrated a decrease in sclerotic subchondral bone in EphB4
compared with WT mice.
Conclusions: This study is the ﬁrst to provide in vivo evidence that
bone-speciﬁc EphB4 receptor overexpression exerts a protective effect on
structural changes that occur in OA articular cartilage and subchondral
bone. These data also support the notion that this system could be
targeted as a speciﬁc therapeutic approach for OA.
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DEVELOPMENT OF A RELIABLE AND REPRODUCIBLE MURINE OA
MODEL
B. Kim1, B. Choi2, S. Park3, S-H. Yoon4, B-H. Min1,5. 1Dept. of Molecular
Sci. & Technology, Ajou Univ., Suwon, Korea, Republic of ; 2Divison of
BioMed. and Bioengineering Sci., Inha Univ., Incheon, Korea, Republic of ;
3Dept. of Physiology, Coll. of Med., Inha Univ., Incheon, Korea, Republic of ;
4Dept. of Physical Med. and Rehabilitation, Ajou Univ. Sch. of Med., Suwon,
Korea, Republic of ; 5Dept. of Orthopedic Surgery, Sch. of Med., Ajou Univ.,
Suwon, Korea, Republic of
Purpose:Many osteoarthritis (OA) models have been developed with the
aim of characterizing the features of OA, studying its progression and
evaluating new drugs and/or original therapies. However, the individual
variations of the joint lesions and insistency along with time still
remain as critical problems in most of the current OA models. Here,
we established a novel OA model using C57BL/6 mice that is more
reproducible and amenable to therapeutic intervention by controlling
the movement of mice.
Methods: OA was induced in right knee joint of 9 week-old C57BL/6
mice by destabilizing the medial meniscus (DMM). The mice were then
placed in the big common cage (200x 260x130mm) for free movement
(Group I) or in a small customized cage (40x75x200mm) to conﬁne their
movement with an exercise of 0 m/day (no exercise, Group II), 400 m/day
(Group III), 800 m/day (Group IV) and 1200 m/day (Group V). The mice
were sacriﬁced at 2, 4, and 8 weeks after the surgery. Macroscopic and
histological evaluations with the Glasson OA scoring of cartilage lesions
were performed on the medial tibial plateaus cartilages. Then, the effect
of hyaluronic acid (HA) was evaluated between the Groups I and III by
injecting 6ml of HA (10mg/ml) directly into articular cavity right after
surgery.
Results: The Group I mice (free cage) showed an increase of OA lesion
that is gradual but highly variable along with time. The OA lesion in
Group II mice (conﬁned only) showed little variations but did not increase
signiﬁcantly with time. The OA lesions in Groups III, IV, and V mice were
getting severer with time and also showed less variation than that of
Group I mice. In particular, the Group III mice showed an OA lesion
increasing linearly along with the analysis time. In addition, The HA
injection showed time-dependent decrease in OA lesion both in the
Groups I and III, but the Group III mice were more reproducible and
linear result than the Group I.
Conclusions: The OA lesion of mice could be more reproducible and
regulated by the enforced and periodic exercise of mice in the conﬁned
cage. We speculate that our OA model of mice with controlled movement
could be a useful tool to study the OA process and efﬁcacy of OA therapy.
Fig. 1. (A) Dimensions of a single unit of conﬁne cage, in mm. Images
show the conﬁne cage (left) and the treadmill for exercising mice
(right). (B) OA scores of mice in Groups I (OA +free movement),
II (OA + conﬁne movement + no exercise), III (OA + conﬁne movement +
400m/day), IV (OA + conﬁne movement + 800m/day) and V (OA +
conﬁne movement + 1200m/day). The histopathological evaluation
was performed using the semi-quantitative OA grade scoring system.
(C) Effect of HA injection was evaluated by histological scores in
Group I (free movement) and Group III (conﬁne cage, 400m/day) with
(squares) or without (diamonds) the intra-articular injection of 6mL HA
(10mg/mL).
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TRANSGENIC MOUSE MODEL FOR UNBIASED LONG-TERM TRACKING
OF LABELED CELLS IN IMMUNOCOMPETENT HOSTS
V. Proell1, K.I. Odo¨rfer1, M. Flicker1, E.R. Balmayor1, A. Heyny1,
C. Streicher1, I. Miller1, B. Niederreiter2, K. Redlich2, T. Ru¨licke1,
R.G. Erben1. 1Univ. of Vet. Med. Vienna, Vienna, Austria; 2Med. Univ.
Vienna, Vienna, Austria
Purpose: Unbiased in vivo cell tracking systems are essential to address
a plethora of biomedical research questions. However, during recent
years it has become increasingly clear that expression of any foreign
protein, and, thus, of any marker protein such as green ﬂuorescent
protein, or human placental alkaline phosphatase (ALPP) will elicit
immune-mediated rejection upon transplantation of labeled cells in
an immunocompetent recipient. We used the heat resistant enzyme
ALPP as genetic marker in the current study, because it provides superb
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histological detection quality in parafﬁn and plastic sections. Moreover,
because ALPP is expressed predominantly in the cell membrane, ALPP-
expressing cells can readily be detected by ﬂow cytometry (FACS).
Methods: To circumvent immune-mediated rejection of labeled cells
in immunocompetent recipients, we generated transgenic (tg) donor
and corresponding marker-tolerant recipient mouse lines in an inbred
C57BL/6 genetic background. Innate tolerance of recipients was achieved
by expression of an immunologically neutral but physicochemically
distinguishable variant of the marker ALPP. In this dual transgenic system,
donor lines ubiquitously express wild-type, heat-resistant ALPP protein,
whereas recipient lines express a heat-labile ALPP mutant (ALPP E429G)
resulting from a single amino acid substitution. Mesenchymal stem cells
(MSC) were isolated from bone marrow of ALPP-tg donor mice, and
were characterized in vitro. Hematopoietic bone marrow cells (BMC)
were characterized by FACS.
Results: Heat pretreatment of parafﬁn- and plastic-embedded sections
inactivated the enzyme activity of ALPP E429G in recipient lines, but
not that of wild-type ALPP in donor lines. Histological analysis of tissues
from ALPP-tg donor lines conﬁrmed ubiquitous expression of the marker.
MSC from ALPP-tg mice were strongly ALPP-positive, and showed a
similar behavior in culture compared with wild-type MSC. FACS analysis
revealed lineage-independent ALPP expression in hematopoietic BMC
from ALPP-tg donors. Innate tolerance of recipient lines to ALPP-labeled
cells was veriﬁed by acceptance of donor skin grafts and lack of leukocyte
inﬁltration of the grafts over 24 weeks.
Conclusions: We have established a novel marker-tolerant mouse model
in which labeled cells can be histologically tracked for long periods of
time in immunocompetent hosts in the absence of immune-mediated
rejection. Our model is almost fully equivalent to the situation in
human patients treated with autologous cells. Because an intact immune
system is a very important component in the pathogenesis of many if
not all diseases, this animal model may open up new perspectives in
regenerative medicine, cancer research, and cell tracking in general.
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THE EFFECT OF AGE ON THE MORPHOLOGY OF THE SUBCHONDRAL,
MENISCAL AND TRABECULAR BONE OF THE INTEGRIN a1-NULL
MURINE KNEE
S.Y. Shin1, A. Pozzi2, A.L. Clark1. 1Univ. of Calgary, Calgary, AB, Canada;
2Vanderbilt Univ., Nashville, TN, USA
Purpose: Osteoarthritis (OA) is a degenerative joint disease that involves
changes to both bony and soft tissues. Integrin a1b1 is a membrane
spanning protein that aids in the regulation and proliferation of bone
and cartilage. It has been previously reported that there are OA-like soft
tissue changes, such as glycosaminoglycan loss and synovial proliferation,
in the knees of integrin a1-null mice at 9 months of age, approximately
4 months earlier than their wild type controls. The bony changes
occurring with OA development in integrin a1-null mice have not been
evaluated previously. Therefore, the purpose of this study was to examine
the effect of age on the density and volume of subchondral, meniscal
and trabecular bone of male integrin a1-null mice. We hypothesize that
age will signiﬁcantly increase both the density and volume of these bony
tissues.
Methods: All methods were approved by the Animal Care Committee.
Three integrin a1-null male mice were assigned to each of the 6, 8,
10 and 12 month age groups. After sacriﬁce, mice were weighed and
their right hind limbs removed. Hindlimbs were skinned and ﬁxed (10%
formalin) at a physiological joint angle. High intensity medium resolution
(16mm) scans were performed on each knee by micro-CT (microCT 35).
Bone volume and bone mineral density were evaluated for trabecular
and subchondral bone in femur and tibia as well as the calciﬁed menisci
(Fig. 1). Subchondral bone thickness was also measured (Fig. 1). ANOVA
with Fisher LSD post hoc were performed (p < 0.05).
Results: Body mass was consistent in animals from 8–12 months of age.
Meniscal bone volume was constant with age until 12 months when
a signiﬁcant increase was observed in the medial but not the lateral
menisci (Fig. 1). Subchondral bone thickness linearly increased with age
in the medial side (Fig. 1) but not the lateral side (data not shown) of the
knee. In contrast, bone density increased linearly with age in the medial
and lateral aspects of both subchondral (Fig. 2) and meniscal (data not
shown) regions.
Conclusions: Here we have measured spontaneous changes with age to
the bony tissues of the knees of integrin a1-null mice for the ﬁrst time.
These results are similar to other murine models of spontaneous OA. For
example, transient receptor potential vanilloid 4 (trpv4)-deﬁcient mice
demonstrate a sudden increase in meniscal bone volume at 12 months of
age, however the magnitude of this change is greater in trpv4-deﬁcient
mice (338%) compared to integrin a1-null mice (187%). The density of
both subchondral and meniscal bone linearly increases with age in both
trpv4-deﬁcient and integrin a1-null mice. Our data indicates that some
bony adaptations of the knee are independent of site (lateral/medial),
however others are exacerbated on the medial compared to the lateral
side. It has been shown that the medial aspect of the knee carries
a larger proportion of total knee load compared to the lateral. When
considered together, these studies would suggest that meniscal volume
and subchondral thickness are inﬂuenced by both age (including global
knee loading over time) and local load magnitude, whereas bone
density is only dependent on age. In conclusion, the results support
our hypothesis that the development of spontaneous OA with age in
integrin a1-null mice involves bony as well as soft tissues in the knee.
Fig 1mCT images of integrin a1-null knees at ages 6 (A to C) or 12 months
(D to F). In A, B, D, and E, trabecular bone is shaded pink, subchondral
bone blue and ossiﬁed menisci green. C and F are images of a sagittal
cross-section through the centre of the medial condyle, with a thickness
map representing thicker regions with ‘hot’ colors. Arrows highlight
extensive ossiﬁcation in 12 compared to 6 month old mice.
Fig. 2. Subchondral bone density as a function of age and condyle. Bars
represent 95% conﬁdence intervals, p < 0.05. a = signiﬁcantly different
from 8 month lateral and 6 and 8 month medial. b = signiﬁcantly different
from 6 month medial. HA = hydroxyapatite.
